The goal of this study was to prepare a CaO·ZnO catalyst containing a small amount of K 2 CO 3 and analyze its activity for biodiesel synthesis. The catalyst was prepared using the following procedure: CaO and ZnO (mole ratio of 1:2), water and K 2 CO 3 (in various amounts) were mechanochemically treated and after milling heated at 700 °C in air atmosphere for obtaining mixed CaO·ZnO/ x K 2 CO 3 oxides (x = 0, 1, 2 and 4 mol of K 2 CO 3 per 10 mol of CaO). All the samples were characterized by X-ray diffraction (XRD), inductively coupled plasma (ICP), X-ray photoelectron spectroscopy (XPS), thermogravimetric analysis (TGA), infrared spectroscopy (FTIR), scanning electron microscopy/energy-dispersive spectroscopy (SEM/EDS), particle size laser diffraction (PSLD) distribution, solubility measurement of Ca, Zn and K ions in methanol as well as by determination of their alkalinity (Hammett indicator method). Prepared CaO·ZnO/ x K 2 CO 3 composite powders were tested as catalysts for methanolysis of sunflower oil at 70 °C using mole ratio of sunflower oil to methanol of 1:10 and with 2 mass% of catalyst based on oil weight. The presence of K 2 CO 3 in prepared samples was found to increase the activity of catalyst, and that such effect is caused by homogeneous-heterogeneous catalysis of biodiesel synthesis.
presence of acid or basic catalysts. Among the available biodiesel production methods, homogeneous base-catalyzed transesterification is the most commonly applied processing technique [2] . However, depending on the characteristics of raw material it suffers from several drawbacks, such as formation of soaps as undesirable byproducts and generation of large amount of wastewater during separation of the catalyst from the derived products [3] .
The main advantages of heterogeneous catalysts application compared to homogeneous are easy separation and further reuse of solid catalyst. Various heterogeneous catalysts, such as alkali earth oxides, hydrotalcites, alkali-doped oxides and mixed metal oxides have been investigated for biodiesel synthesis [4] . One of the most widely used catalyst is CaO, owing to its availability, low cost, and high catalytic activity [5, 6] . Also, mixed oxide catalysts with CaO as active component are frequently used for transesterification reaction [7] [8] [9] . The CaO·ZnO mixed oxides with CaO:ZnO mole ratio of 1:2 has been found to be also active catalysts for methanolysis of sunflower oil [8, 9] .
In order to increase catalytic activity of CaO, the effect of addition of low amounts of promoter (alkali metal salts like LiNO 3 ) during preparation of CaO catalyst was studied as well [10, 11] . MacLeod et al. [11] have prepared a series of alkali-doped metal oxide catalyst and showed that increased base strength of CaO is responsible for better catalytic activity. However, undesired metal leaching from prepared catalysts, mainly leaching of promoters, was also detected.
Calcium and magnesium oxides can be used not only as precursors but also as catalyst support in transesterification reactions; e.g., KF/MgO-CaO was an effective catalyst for transesterification of soybean oil with methanol [12] .
Many research studies have focused on analyzing K 2 CO 3 catalyst activity for methanolysis of vegetable oil [13] [14] [15] [16] [17] [18] . The obtained data showed that 90% of oil conversion could be achieved for less than 2 h at moderate temperature. As mentioned above, the main problem is relatively high solubility of potassium carbonate in methanol; it was determined that about 55% of K 2 CO 3 could be dissolved after 5 h of methanolysis [13] .
For this reason, potassium carbonate is usually used as promoter to modify the base properties of alumina, alumina/silica, cinder or hydrotalcite as support [14] [15] [16] [17] . However, activity of catalyst containing potassium carbonate is mainly the result of potassium leaching into methanol [16] . It has been shown that hydrotalcite loaded with K 2 CO 3 could be reused five times, yielding more than 92% of biodiesel from vegetable oil [17] . On the other hand, rather large amount of catalyst must be used to reach desired conversion of vegetable oil [16] . Salts of other alkali metals (Li and Na) were also investigated as promoters of CaO, BaO, and MgO used as catalysts for transesterification of canola oil. All of these modifications had a goal of suppressing undesirable leaching of potassium [18] . According to recently reported data, Na 2 CO 3 added to CaO-methanol-sunflower oil mixture could suppress the leaching of Ca 2+ and Na + below 5 ppm [19, 20] .
Preparation of different composites by mixing solids without the addition of large amounts of liquid solvents is the basis of mechanochemical synthesis [21] . Due to its relative simplicity, it is one of the prospective methods that could be used for the activation and synthesis of a broad class of catalyst [22] . The mixed calcium-zinc hydroxide hydrate (CaZn 2 (OH) 6 ·2H 2 O) was prepared by mechanochemical synthesis starting from Ca(OH) 2 , ZnO, and H 2 O and compared to classical procedure of its preparation based on coprecipitation procedure [8] . Activity of CaO·ZnO catalyst obtained by subsequent calcinations at 700 °C for 3 h was tested for methanolysis of sunflower oil [8] .
Recently, instead of Ca(OH) 2 as a component of mechanochemical synthesis of CaZn 2 (OH) 6 ·2H 2 O, CaO was used together with ZnO and H 2 O with a goal to decrease the amount of calcium carbonate formed during ball milling [23] . In an attempt to further improve catalytic performance and to increase basicity of composite containing calcium and zinc oxide, the addition of potassium carbonate (K 2 CO 3 ) during ball milling of CaO, ZnO and the required amount of water was examined in this work. The goal of K 2 CO 3 use together with CaO and ZnO was to promote the mechanochemical synthesis of CaZn 2 (OH) 6 ·2H 2 O and to include potassium into the matrix or to impregnate the formed mixed hydroxide of calcium and zinc. The various initial mole ratio of K 2 CO 3 to CaO (1:10, 2:10 and 4:10) was used for the preparation of CaZn 2 (OH) 6 ·2H 2 O/ x K 2 CO 3 (signed as CZK x ; x = 1, 2 and 4) followed by calcinations at 700 °C (signed as CZK x,700 ). The catalytic activity of CZK x,700 was tested for sunflower oil methanolysis and biodiesel production.
EXPERIMENTAL Catalyst preparation
Powder mixtures of CaO (obtained by calcination of lime originated from southern part of Serbia), and ZnO (Kemika, Croatia), in the molar ratio of 1:2 with 6 g of water, (in excess of stoichiometrically required amount of water), as well as addition of K 2 CO 3 (Fluka, Switzerland) were used as starting materials for mechanochemical treatment. CaO·ZnO/xK 2 CO 3 (x = 4) often transformed to spherical globules. In order to induce a mechanochemical effect, globules were manually crushed, so that prolonged milling up to 3 h produced very fine powders.
Catalyst characterization
XRD was performed on a D/MAX-RB powder X-ray diffractometer (Rigaku Corporation, Japan) at room temperature. CuKα radiation (λ = 0.15418 nm), with a step size of 0.02° in the range of 10−70° 2θ was used for all samples. The peaks were identified using the Powder Diffraction File (PDF) database created by International Centre for Diffraction Data (ICDD).
Elemental analysis of the powders was performed by inductively coupled plasma mass spectrometry using Thermo Scientific ICAP 6000 series instrument.
Thermogravimetric analysis (TGA/DTG) were carried out on a SDT Q600 instrument in air atmosphere with flow rate of 100 ml min -1 at a 10 °C min -1 heating rate up from 25 to 800 °C. Fourier-transform infrared (FTIR) spectra were recorded using a BOMEM (Hartmann & Braun, Germany) spectrometer. Measurements were conducted in wave number range of 4000−400 cm -1 , with 4 cm
The valence state and atomic concentration of elements in the surface layers were determined using XPS. Measurements were performed in a VC Escalab II spectrometer using non-monochromatic MgKα radiation (hν = 1253.6 eV). The base pressure of instrument was 1×10 −10 Torr. Electrostatic surface charging was observed in all investigated samples owing to their poor electric conductivity. Therefore, C 1s with the binding energy (BE) of 285.0 eV from carbon contaminations was used as the reference level. The binding energies reported here were measured within ±0.2 eV. XPS surface compositions were calculated from photoelectron peak areas of each element after correcting for instrument parameters.
The morphology and elemental chemical analysis of powders obtained by ball milling followed by calcination was studied by a scanning electron microscope (JEOL JSM-6610LV) and an energy dispersive X-ray spectrometer (EDS INCAEnergy 350 microanalyzer).
The particle size distribution was measured by particle size laser diffraction (PSLD) on a Mastersizer 2000 (Malvern Instruments, UK), which covers the particle size range of 0.02-2000 μm.
Hammett indicator experiments were conducted to determine the basic strength of catalysts. The following Hammett indicators were used: phenolphthalein (H− = 9.3), thymolphthalein (H− = 10.0), thymolviolet (H− = 11.0) and 4-nitroaniline (H− = 18.4). Typically, 500 mg of the catalyst was mixed with 1 mL of Hammett indicators solution that was diluted in 20 mL methanol. After 2 h of equilibration the color of the catalyst was noted. The basic strength of the catalyst was observed to be higher than the weakest indicator that underwent the color change, and lower than the strongest indicator that underwent no color change. To measure the basicity of solid bases, the method of Hammett indicator-benzene carboxylic acid (0.02 mol L -1 anhydrous ethanol solution) titration was used.
The solubility of the catalyst in methanol at 60 °C was determined by measuring the Ca(II), K(I) and Zn(II) concentration using a HITACHI Z-2000 polarized Zeeman atomic absorption spectrophotometer.
Methanolysis reaction
Refined edible sunflower oil (Dijamant, Serbia; acid value of 0.202 mg NaOH g -1 ) and methanol (99.5% purity, Fluka, Switzerland) were used. Transesterification was carried out in a 300 cm 3 batch autoclave (Autoclave Engineers, USA) equipped with a heater, temperature controller, and a mixer. The mole ratio of sunflower oil to methanol was 1:10 with 2 mass% of catalyst based on oil weight, with the reaction conditions being 70 °C and 1 bar. The agitation speed was 300 rpm. The reaction samples were taken out from the reactor for given times, and after filtration and separation of the residual methanol, analyzed by gas chromatography (Varian 3400) with a FID detector and MET-Biodiesel capillary GC column (14 m×0 .53 m, film thickness 0.16 μm). It should be pointed out that for all methanolysis reactions "fresh" catalyst was used, i.e., calcination of mechanochemically synthesized samples was done immediately before experimental run in order to minimize reaction of CaO with ambient CO 2 .
Leaching in methanol
When a heterogeneous catalyst is used there is always a possibility of metals leaching, which might contaminate the biodiesel and reduce the lifetime of the catalyst. Therefore, to evaluate lixiviation, the following experimental procedure was employed. The activated catalyst was placed in contact with methanol and kept under stirring conditions (300 rpm) at 70 °C for 4 h. After the reaction, the catalyst was removed by filtration, and methanol was mixed with the necessary volume of sunflower oil, while being kept at 70 °C for 4 h. If catalysts were lixiviated, a different conversion would be observed due to a homogeneous contribution of K(I) and Ca(II). Also, the catalyst treated with methanol, without further washing, was used in transesterification reaction between sunflower oil and methanol under the same reaction conditions.
RESULTS AND DISCUSSION
Characteristic of synthesized CaO·ZnO/ x K 2 CO 3 samples
The XRD patterns of the ball-milled samples with various initial molar K 2 CO 3 :CaO ratios (x = 0, 1, 2 and 4 mol of K 2 CO 3 per 10 mol of CaO) are shown in Figure 1 .
Samples synthesized without or with addition of K 2 CO 3 Figure 1 , CZK 2 for x = 2) resulted in the appearance of somewhat more intense peaks of CaZn 2 (OH) 6 ·2H 2 O and in weakening of ZnO compared to the sample prepared with initial molar ratio K 2 CO 3 /CaO = 1:10 (x = 1). It seems likely that the presence of smaller amount of K 2 CO 3 (x = 2), favors the formation of calcium zinc hydroxide hydrate. As the K 2 CO 3 content was increased (x = 4), peaks assigned to CaZn 2 (OH) 6 ·2H 2 O remarkably decreased ( Figure 1, CZK 4 ) , showing that the presence of larger amount of potassium carbonate negatively affected formation of CaZn 2 (OH) 6 ·2H 2 O. It should be also noted, observing the data shown in Figure 1 , that potassium carbonate (JCPDS 49-1093) could not be identified in all analyzed samples.
Results of XRD analysis of the samples after calcination at 700 °C in air is presented in Figure 2 .
Calcination leads to the formation of CaO (JCPDS 82-1690) and ZnO phases with only small amounts of Ca(OH) 2 (JCPDS 04-0733), while K 2 CO 3 or KOH (is possibly formed in reaction between Ca(OH) 2 and K 2 CO 3 ) are undetectable. Obviously, the XRD patterns of the mixed oxides prepared with addition of K 2 CO 3 (CZK x,700 ) are quite similar to CaO/ZnO mixed oxides (CZK 0,700 ) suggesting that K 2 CO 3 did not have a significant effect on the phase formation during heat treatment.
The thermogravimetric (TGA) profile of calcium zinc hydroxide hydrate is usually characterized by two-step decomposition (Figure 3 ). The first dominant step of weight loss could be observed from 120 to 180 °C, which may be attributed to the elimination of hydrate water and dehydration of Zn(OH) 2 to form ZnO, while second step occurred between 350 and close to 400 °C, arising from dehydration of Ca(OH) 2 . In respect to the initial composition, the first mass change of calcium zinc hydroxide hydrate should be approximately 23.3%, and the second 5.8% [9, 24, 25] . Three stages of CZK x decomposition are observable in temperature ranges of 120-180 °C, 350-400 °C and 600-700 °C. Heating from 400 to 700 °C resulted in the decomposition of CaCO 3 , which could be formed by the reaction of CaO with CO 2 from air. Pure K 2 CO 3 decomposes at about 890 °C [15] . It seems likely that formation of CaCO 3 during mechanochemical synthesis hindered the complete formation of CaZn 2 (OH) 6 ·2H 2 O, hence some amount of ZnO was unconsumed. A total mass loss ( Figure 3 ) was slightly higher for the sample synthesized without the addition of K 2 CO 3 (CZK 0 ) than those synthesized with the addition of K 2 CO 3 (x = 1, 2). The TGA profiles of CZK 0 , CZK 1 , and CZK 2 samples clearly show three steps of thermal decomposition during heating from 25 to 800 °C. However, decomposition of Zn(OH) 2 and crystal water was not observed for sample CZK 4 ( Figure 3) Table 1 .
Nominal mass ratio of Ca to Zn used for catalyst preparation is 0.3 (mole ratio Ca/Zn = 1:2) while ICP determined values of Ca/Zn mass ratios are 0.295, 0.331 for CZK x and 0.316 and 0.281 for CZK x,700 . Very good agreement between nominal and determined weight ratio of K to Ca were obtained as well. They were 0.163, 0.401 and 0.792 for either CZK x or CZK x,700 samples, which is close to nominal values 0.2, 0.4 and 0.8 for the samples prepared using K 2 CO 3 /CaO mole ratio equal to 1:10, 2:10 and 4:10, respectively.
The surface characterization of powders before and after calcination was examined by XPS. Instead of the atomic percent that is usually used for representing XPS data, the weight percent of elements at the catalyst surface of the synthesized samples was calculated in order to compare surface (XPS) and bulk (ICP) composition (Table 1) .
As it may be seen from Table 1 , the surface composition of catalysts significantly differs from their bulk composition. For CZK 0 sample Ca/Zn ratio increased after calcination, showing that CaO is more presented at the surface than expected (Ca/Zn ratio is 0.47). Contrary to CZK 0 calcination of CZK 1 and CZK 2 leads to a decrease of Ca/Zn ratio from initial vales 0.253 and 0.249 to 0.15 and 0.14, respectively.
The K/Ca ratio at surface of catalyst appears to be much higher after mechanochemical treatment compared with the ratio of used starting powders. This can be perhaps explained as a consequence of increased K 2 CO 3 dispersion on the surface of catalysts compared to its bulk composition. After calcination at 700 °C, the K/Ca ratio is even higher for CZK 1 and CZK 2 , whereas it decreased for CZK 4 catalyst. Evidently, calcination of CZK 1 and CZK 2 causes a higher amount of K 2 CO 3 on the surface of the catalyst than in the bulk. That means that CZK 1,700 and CZK 2,700 samples are mainly covered by K 2 CO 3 .
XPS analysis of carbon on the surface of the catalysts indicates that beside K 2 CO 3 , some amount of CaCO 3 is also presented as a result of the reaction of CaO with CO 2 from air. Lopez Granados et al. [6] have showed that the carbonation of CaO is very rapid and that only couple of minutes is required to extensively carbonate the sample. The XPS results show that Ca appears on the surface as CaCO 3 and Ca(OH) 2 . Also, it seems likely that in the surface layers of the samples of CZK 1 and CZK 2 the concentration of Ca was reduced during calcination. The lower surface atomic concentration of Ca for CZK 1, 700 and CZK 2,700 is consistent with Zn migration to the surface as well as K 2 CO 3 distribution on the surface layer of catalysts. Since for the CZK 4 sample formation of CaZn 2 (OH) 6 ·2H 2 O did not occur during milling, the Ca/Zn ratio on the surface (0.33) is very [28] .
The morphology and surface structure of the catalysts were analyzed by SEM and elemental composition by EDS. The SEM images of the samples calcined at 700 °C shown in Figure 5 at two different magnifications.
The CZK 0,700 powder sample was in the homogeneous form of small spherical particles having similar structure, but some large aggregates are also present (Figure 5b ). The effect of K 2 CO 3 addition on the morphology of CaO . ZnO mixed oxides is most obvious by comparing SEM images of the CZK 0,700 (Figure 5b ) to CZK 1,700 powder (Figure 5d ). It may be seen that particles of CZK 1,700 somewhat increase in size, whereby their shape also slightly change. Also, it can be seen that many particles stick together, perhaps as a result of initial sintering during heat treatment at 700 °C. The calcined CZK 1 , CZK 2 and CZK 4 show similar particle morphology, which is presented by crystallites with irregular sizes and shapes ( Figure  5c-h) . Since all samples are considered as catalysts with small surface area and low porosity [8] , the size of the particle should correspond to the surface area.
In addition to the XPS and ICP analysis, EDS (several typical points as well as EDS element mapping) was applied to determine the average value of atomic distribution of Ca, Zn, O and K for each catalyst. Detected Ca/Zn mass ratios for the samples CZK 0,700 , CZK 1,700, CZK 2,700 , and CZK 4,700 are 0.236, 0.164, 0.162 and 0.313, respectively. The fairly homogeneous distribution of CaO and ZnO for CZK 0,700 agrees to previous results obtained with Ca(OH) 2 as one of the starting reagent [8] . EDS analysis reveals K/Ca mass ratio of 0.374, 0.665 and 0.563 for samples CZK 1,700 , CZK 2,700 , and CZK 4,700 , respectively. As may be expected, these values are closer to the result of ICP analysis (0.19, 0.39 and 0.73) than XPS analysis (1.59, 2.23 and 1.56).
According to these results it might be concluded that the difference between nominal and measured (SEM/EDS) Ca/Zn mass ratio is higher in the case of CZK 1,700 and CZK 2,700 samples than for CZK 0,700 and CZK 4,700 . The sample CZK 4,700 has almost identical Ca/Zn mass ratio determined by SEM/EDS (0.313) as nominal or ICP determined value (0.3 and 0.281). The EDS element mapping shows uniform distribution of CaO and ZnO as well as K 2 CO 3 for all CZK x,700 samples. Therefore, very fine and homogeneous microstructure of composite powders was obtained. EDS element mapping of CZK 4,700 sample indicated that several clusters of CaO and K 2 CO 3 are mainly separated from ZnO.
The results of particle size distributions of ball milled sample as well as the samples after calcination at 700 °C in air (CZK 0 and CZK 0,700 ) are relatively uniform with a size range of 0.4-30 µm, while for the samples CZK x (x = 1, 2 and 4) prepared with addition of K 2 CO 3 is bimodal. For samples containing K 2 CO 3 the larger fraction of the powder particles is within the size range of 8-100 µm with the rest being within the range of 0.4-8 µm.
Bimodal distribution was detected for all catalyst after calcination at 700 °C (CZK x,700 ; x = 0, 1, 2 and 4).
The first is within the size range of 1-3 µm and the second is in the range of 10-20 µm. It must be pointed out that there is no difference between particles size distribution for the samples synthesized without addition of K 2 CO 3 whether CaO or Ca(OH) 2 is used as a starting powder [8] , so after calcination at 700 °C all the samples have a similar bimodal distribution. Calcination of the CZK 1 and CZK 2 at 700 °C affects particle size distribution and specific surface area. The specific surface areas of these samples increased from 2.31 (CZK 1 ) and 1.87 m 2 /g (CZK 2 ) to 3.01 m 2 /g (for both CZK 1,700 and CZK 2,700 ), plausibly as a consequence of CaZn 2 (OH) 6 ·2H 2 O decomposition and formation of CaO·ZnO matrix "impregnated" with an amount of K 2 CO 3 . At the same time, the specific surface area of CZK 4 after calcination decreased from 3.35 to 2.87 m 2 /g (CZK 4,700 ) due to removal of H 2 O and CO 2 after decomposition of Ca(OH) 2 and CaCO 3 , respectively. Table 2 summarizes the basic strength of the samples prepared by ball milling and calcination.
All the synthesized CZK x,700 catalysts were able to change the color of phenolphthalein (H− = 9.3) from colorless to purple, but failed to change the color of 4-nitroaniline (H− = 18.4). The order of basicity is as follows: CZK 1,700 <CZK 0,700 < CZK 2,700 < CZK 4,700.
Increased basicity of CZK 2,700 and CZK 4,700 compared to CZK 0,700 might be explained by the presence of a larger amount of K 2 CO 3 , which possess, similar to CaO, a strong basic character (Table 2) . Moreover, some authors have reported that the surface basicity of the alkaline earth hydroxides could be increased by milling [29] , which means that detected basicity of CZK x,700 samples could be even higher than expected according to the composition and basicity of individual constituents CaO, ZnO and K 2 CO 3 . Such phenomena was not observed in this study taking into account sample composition and basicity of individual components that are the main constituents of prepared sample ( Table 2 , CaO, K 2 CO 3 and CZK 0,700 ).
Activity of prepared CaO·ZnO with K 2 CO 3 for biodiesel synthesis
The results of activity test applying prepared CZK x,700 samples with different K 2 CO 3 to CaO molar ratio, x, as catalyst are presented in Figure 6 .
Triglycerides (TG) of sunflower oil and methanol (MeOH) react giving FAME (fatty acid methyl esters) and glycerol (Gly) according to the simple summary equation:
TG + 3MeOH → Gly + 3FAME Figure 6 . FAME yield versus time obtained with CZK x,700 (x=0, 1, 2 and 4), CaO·ZnO [8] , CaO [5] and supported K 2 CO 3 [15] as catalyst. where TG 0 is the initial mass of triglycerides (sunflower oil) and TG is the triglyceride content in reaction mixture for given reaction time.
It must be pointed out that CZK x,700 catalysts (x = = 1, 2 and 4) have a higher initial activity for biodiesel synthesis compared to catalyst CZK x,700 (x = 0; this study), and other recently tested catalysts: CaO⋅ZnO [8] , CaO [5] , and supported K 2 CO 3 on Al-O-Si [15] , as shown in Figure 6 . All the samples containing K 2 CO 3 are very active enabling TG conversion above 80% after the first hour of methanolysis at 70 °C (mole ratio of methanol to oil 10:1 and 2 mass% of catalyst) implying that the addition of K 2 CO 3 in the process of CaO⋅ZnO mixed oxide preparation substantially improved the initial rate of methanolysis compared to pure CaO·ZnO catalyst.
The experimental results of many researches performed with heterogeneous catalyst suggested that a higher basicity could be related to increased activity of the catalysts and resulted to the higher rate of biodiesel synthesis. This is proved for the samples CZK 2,700 and CZK 4,700 but not for the CZK 1,700 . In fact, as it was already pointed out the CZK 1,700 is the only sample which failed to change the color of thymolviolet (H− = 11.0). Although CZK 1,700 poses weaker basicity, it is more active catalyst for transesterification reaction compared to CZK 0,700 at the beginning of methanolysis syntehsis. Such observation may be mainly attributed to the leaching of potassium which is very active species. Furthermore, a lower basicity of CZK 1,700 most likely arises from the higher surface concentration of Zn, since pure Zn is reported as acidic [30] .
The large amount of potassium presented at catalyst surface (Table 1 ) might be easily dissolved in methanol causing also homogeneous catalytic effect of prepared CZK x,700 samples (x = 1, 2 and 4). The leaching of alkali metals into methanol from prepared samples CZK x,700 is an important parameter responsible for faster methanolysis of triglycerides at the beginning of methanolysis of sunflower oil ( Figure 6 ). The results of determined solubility of Ca(II), K(I) and Zn(II) in methanol at 60 °C are shown in Table 3 .
Low solubility of Ca and Zn was detected for all CZK x,700 (x = 1, 2, 4) samples and was smaller than that determined for the sample prepared without addition of K 2 CO 3 (CZK 0,700 ). These results are in accordance with those reported by Alba-Rubio et al. [19] who showed that the solubility of Ca was reduced by adding Na 2 CO 3 to the reaction mixture at the beginning of the transesterification reaction. At the same time, solubility of potassium from the samples CZK 1,700 and CZK 2,700 was almost the same, while for the CZK 4,700 it was more than four times higher after treatment at 60 °C for 2 h. These data are in direct correlation with catalytic activity of prepared samples containing K 2 CO 3 and prove that both potassium presented in solid phase as well as that dissolved in methanol are the main factor influencing the initial rate of triglycerides methanolysis, as shown in Figure 6 . The leaching experiments described in Experimental section were carried out to clarify at the same time "homogeneous" and "heterogeneous" catalytic effect during the sunflower oil methanolysis with CZK x,700 (x = 2 and 4) catalyst. Namely, experiments of sunflower methanolysis performed using only methanol prepared by leaching of CZK x,700 showed that so-called "methanol activity" could be correlated with the amount of dissolved potassium ion. Thus, a higher yield of FAME was obtained using methanol by leaching of CZK 4,700 than by CZK 2,700 . These results also agree with the analysis of activity using solid phase after the leaching process. The opposite effect was observed; the solid particles remained after leaching test of CZK 4,700 had smaller activity comparing to catalyst after the leaching test with CZK 2,700 . The results of these tests evidently indicate that "homogeneous catalytic effect" in FAME synthesis was caused by the presence of smaller (CZK 2,700 ) or larger amounts of K 2 CO 3 (CZK 4,700 ) that was dissolved in methanol.
Calculation of the amount of K 2 CO 3 dissolved in methanol on the basis of solubility data (Table 3) shows that 29% of K 2 CO 3 could be dissolved from CZK 4,700 at 60 °C (0.150 g of 0.520 g K 2 CO 3 presented in 2.605 g of used catalysis for methanolysis) in comparison to 11% from CZK 2,700 (0.034 g) and 22% of CZK 1,700 (0.034 g), respectively. Knowing that reaction mixture used for methanolysis was prepared with 130 g of sunflower oil, 47 g of methanol, and 2.605 g of catalyst, dissolved concentration of K 2 CO 3 per mass of sunflower oil is in the range 0.03-0.12% (CZK 2,700 , CZK 1,700 and CZK 4,700 ). It must be also pointed out that the amount of potassium and calcium in prepared CZK x,700 samples and the one dissolved in methanol would be much smaller compared to usually used amount of heterogeneous catalysts (CaO, KF/CaO/cinder, K 2 CO 3 or K/CaO) for vegetable oil methanolysis [5, 16, [31] [32] [33] . A plausible reason is that as a result of mechanochemical treatment K 2 CO 3 is embedded in very fine nanocomposite matrix, thus impeding and delaying K and Ca dissolution.
The Ca, Zn and K contents of CZK 2,700 have been determined by ICP after the transesterification reaction. Weight ratio of Ca/Zn as well as K/Ca decreased due to dissolution of K and Ca in reaction mixture, whereby Ca and K occur mainly in glycerol with less than 50 ppm of both elements in FAME (biodiesel). This is in an agreement with recently reported results that the most of the leached metal was settled in glycerol layer formed during the reaction [33, 34] .
Although activity is almost the same for catalyst CZK 2,700 and CZK 4,700 , the sample prepared with smaller amount of K 2 CO 3 (x = 2) has an advantage taking into the account much smaller solubility of K as well as Ca in methanol and thus more important heterogeneous catalytic effect.
CONCLUSION
The formation of mixture of calcium zinc hydroxide hydrate with potassium carbonate (Ca·Zn 2 (OH) 6 ·2H 2 O/ x K 2 CO 3 ) was obtained during ball milling of CaO, ZnO, K 2 CO 3 and water but only if the initial mole ratio of K 2 CO 3 to CaO was x ≤ 2. For CaO/K 2 CO 3 ratios larger than 2:10, the formation of mixed calcium zinc hydroxide is suppressed, and only a mixture of CaO or ZnO phases with K 2 CO 3 as well as certain amounts of Ca(OH) 2 and CaCO 3 could be detected.
Calcination of prepared samples were done at 700 °C in air and their catalytic activity for methanolysis of sunflower oil (70 °C; methanol to oil molar ratio of 10:1; 2 mass% of catalyst) were analyzed. It was found that all samples possessed the desired activity and that the presence of potassium carbonate undoubtedly accelerated the methanolysis reaction. However, increased leaching in methanol as well suppressed formation of calcium zinc mixed hydroxide for x > 2 leads to more expressed homogeneous-heterogeneous catalytic effect of prepared CZK 4,700 sample. The smallest solubility of potassium and calcium into methanol for sample CaO·(2ZnO) (2) K 2 CO 3 (CZK 2,700 ) was detected and this sample is pointed out as more acceptable for biodiesel synthesis.
